A b s t r a c t
Immunophenotyping has become one of the essential methods for proper classification of hematopoietic neoplasms. Flow cytometry used in immunophenotyping has no doubt added a new dimension to the diagnosis of leukemia and lymphoma. 1, 2 A wide range of monoclonal antibodies is available to recognize various hematopoietic cells based on their surface and cytoplasmic antigens. [1] [2] [3] [4] Leukemic and lymphoma cells usually cannot be detected with a single immunologic marker. Instead, the use of a monoclonal antibody panel consisting of multiple antibodies is required for supporting the provisional diagnosis based on histologic findings. 1, 2 Since many hematologic neoplasms demonstrate similar patterns of immunophenotyping, [2] [3] [4] their diagnosis often presents a challenge to pathologists who interpret flow cytometric data. This is particularly applicable to practicing pathologists who are not subspecialized in hematopathology and to pathology residents-in-training. As the number of immunologic markers used in flow cytometry increases, a systematic approach for interpretation of marker results also is essential for consistent classification of neoplasms. 5 The interpretation of immunophenotyping results by flow cytometry involves pattern recognition of different hematopoietic neoplasms that may have similar immunologic marker patterns. Each neoplasm is associated with a particular pattern characterized by the presence of certain markers and the absence of others. [2] [3] [4] The numerous markers available in the flow cytometry laboratory make these patterns difficult to remember, especially for those of uncommon neoplasms. 24 Another factor that hinders the interpretation process is the lack of consistency in marker results for any neoplasm. [2] [3] [4] A certain marker may be positive (or negative) for a certain neoplasm in most of the cases. However, exceptions often are seen. For this reason, an absolute diagnostic pattern usually is not available for any neoplasm. Instead, the diagnostic approach is to seek a neoplasm that closely matches the given marker results. 2 Since the immunophenotyping pattern of hematopoietic neoplasms can be described easily in terms of the presence or absence of markers contained in separate fields, a database is a logical approach to facilitate the interpretation of marker results. In addition, a decision-support system that readily displays the attributes associated with a specific neoplasm would be convenient and useful to pathologists who encounter the more uncommon diseases from time to time.
Several computer programs have been developed for the analysis of immunophenotyping results in malignant lymphoma and leukemia. [6] [7] [8] [9] [10] In the present study, we designed and evaluated a relational database for interpretation of immunophenotyping by flow cytometry. The database is designed to help the user follow closely how the suggested diagnoses are determined. The database also permits the user to modify the contents of the database to suit individual preferences.
Materials and Methods
The first phase of our study involved the development of the database, CD Marker. In the second phase, the database was validated by using previously interpreted cases at our affiliated hospitals.
Relational Database
A database is a computer program that stores and retrieves information based on a defined relationship. 11 By using a database, one can organize data according to subjects so that the data will be easy to track and verify. Data in a database are stored in tables. A table is a collection of data on a particular subject. Data in a table are presented in columns (called fields) and rows (called records). Typical examples of fields and records in a database for hematopoietic neoplasms are disease attribute (such as immunologic marker result) and type of neoplasm, respectively. In a relational database, one also can store information on how different subjects are related to facilitate compiling the associated data. This information is essentially an expression that links records in one table with records in another. Analysis of data in a database can be performed conveniently with query. 11 A query is a description of sets of records that meet certain criteria defined by the user. In a database for hematopoietic neoplasms, for example, a query may be used to look for neoplasms with marker results that match those of the case under consideration.
Relational databases with comprehensive content and efficient query mechanisms can perform effectively as decision-support systems to help users solve complicated problems in laboratory diagnosis. [12] [13] [14] Such systems have 2 major elements: the development environment and the consultation environment ❚Figure 1❚. The development environment is used by the database builder to construct the components and to enter information into the knowledge base. The consultation environment is accessed by the user to obtain recommendations. The following components are seen in our database:
1. Knowledge base. This component contains the knowledge required for formulating and solving problems. It contains facts in the domain area and rules that direct the use of facts to diagnose specific disorders. The diagnostic criteria are the facts, also known as attributes, that are necessary to confirm a certain disorder. Potential sources of knowledge include human experts and literature.
2. Workplace. This component is an area of the computer's working memory for the description of a current problem, as specified by the input data. The workplace also records intermediate conclusions.
3. Inference engine. The brain of the database, this component provides the method for query by using information in the knowledge base and in the workplace to formulate conclusions.
4. User interface. This component allows communication between the user and the database. The user uses this interface to input data (positive and negative attributes found in a patient), to obtain the results, and also to revise contents of the database as needed. This communication interface usually is in a graphics format for ease of use (graphic user interface).
Database CD Marker
CD Marker, a relational database for interpretation of immunophenotyping by flow cytometry, was implemented in Microsoft Access 97 (Microsoft, Redmond, WA) and was run on an IBM-compatible computer under Microsoft Windows 95. The inference engine of CD Marker was built with Microsoft Visual Basic for Application language. This inference engine uses a backward-chaining search strategy to draw conclusions. 15, 16 A total of 33 hematopoietic neoplasms were included in the database ❚Table 1❚. The diagnostic criteria for different neoplasms were based on the pattern of immunologic marker results. [1] [2] [3] [4] The marker result was designated as positive (or negative) for a neoplasm if more than 80% of the cases were found to be positive (or negative) for that marker. 4 A total of 42 immunologic markers were included in CD Marker ❚Table 2❚. The current marker panel includes only the markers deemed to be used most commonly. As other markers become more extensively used with their added value in diagnosis, they will be incorporated into the database. A complete listing of immunophenotype for each neoplasm is included in ❚Table 3❚. ❚Figure 2❚ shows the main menu of the database with 3 modules:
1. Consultation for differential diagnosis 2. Look up or revise a disorder in the database 3. Look up or revise a marker in the database The graphic user interface for the differential diagnosis module is shown in ❚Figure 3❚. All the data that are available on marker results should be entered for the case under consideration. Lack of information in certain data fields does not prevent CD Marker from processing the data. However, the accuracy of the suggested diagnosis would be compromised if results of important markers were left out. A list of differential diagnoses is provided by CD Marker with each set of input data. The differential diagnoses have an assigned value of matching factor (MF). The MF value for a neoplasm reflects how well its immunophenotyping pattern matches the marker data for a given case. This factor is defined as (Equation 1):
where MF is the matching factor for a particular neoplasm (0 ≤ MF ≤ 1); M, the number of attributes of a neoplasm that match the input data; and N, the number of attributes of a neoplasm that do not match the input data. Note that the value of MF, as defined by Equation 1, reflects only the similarity between the attributes of a neoplasm and the available data. A high value of MF for a neoplasm, such as 1, does not exclude the possibility that more data input with increased value of N actually may decrease its MF value.
To demonstrate how the knowledge base of CD Marker is implemented, the diagnostic criteria for chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL) [2] [3] [4] 
Glycophorin A CD25 Cytokeratin cIg, cytoplasmic immunoglobulin; sIg, surface immunoglobulin; TdT, terminal deoxynucleotidyl transferase.
1. The malignant cells are positive for the following markers: CD5, CD19, CD20, CD21, CD23, CD24, CD43, CD79a, HLA-DR, surface immunoglobulin, and coexpression of CD5 and CD19 or CD20.
2. The malignant cells are negative for the following markers: CD2, CD3, CD4, CD7, CD8, CD10, CD25, and FMC7.
A summary of diagnostic attributes for CLL/SLL is shown in ❚Figure 4❚. Note that some marker results are left blank in this set of attributes. Only the markers considered to have an important role in the differential diagnosis are included. This design helps to minimize the computing time in the inference process. When marker results of a given case are entered, they are processed by the database inference engine, and a list of differential diagnoses will be displayed. These diagnoses are listed with their associated MF value.
A demonstration of a case with CLL/SLL illustrates of how CD Marker can be used for interpretation of immunophenotyping results and how its search mechanism works. ❚Figure 5❚ shows the marker data available for the patient sample. CD Marker attempts to match this set of data with the diagnostic attributes of 33 hematopoietic neoplasms in the knowledge base. The available data matched the following attributes of CLL/SLL:
1. Positive for CD5, CD19, CD20, CD23, HLA-DR, surface immunoglobulin, and coexpression of CD5 and CD19.
2. Negative for: CD3, CD4, CD7, CD8, CD10, and CD25. The total number of attributes of CLL/SLL that matched the input data was 13 (7 positive results and 6 negative results). This number was represented by the variable M in Equation 1 (M = 13). None of the attributes of CLL/SLL was in conflict with the input data (N = 0). Note that the following input data did not have a corresponding attribute for CLL/SLL in the knowledge base: CD11c, CD14, CD16, CD22, CD45, glycophorin A, and cytokeratin. These input data had no effect on the ranking of CLL/SLL since they were not included as part of the calculation for its MF. Similarly, the following attributes in the knowledge base without corresponding input data had no effect on the MF value for CLL/SLL: CD2, CD21, CD24, CD43, CD79a, and FMC7. The intentional exclusion of input data without corresponding attributes in the database (or attributes without corresponding input data) in calculating MF serves the important purpose of maintaining a flexible design for the knowledge base and for the data input panel. Since different flow cytometry laboratories may use different markers for immunophenotyping and various studies on marker pattern of neoplasms have used different marker panels, an absolute requirement of certain markers in the interpretation process would be too stringent to yield reasonable matches. 5 The MF value for CLL/SLL at this point was: MF = 13 / (13 + 0) = 1 After CD Marker calculated the MF value for all the remaining 32 hematopoietic neoplasms in the knowledge base and ranked them accordingly, it listed the following leading diagnoses:
1. CLL/SLL; MF = 1 2. Prolymphocytic leukemia (B-cell); MF = 1 3. Mantle cell lymphoma; MF = 0.89 4. Mixed cell lymphoma; MF = 0.88 5. Large B-cell lymphoma; MF = 0.86 CLL/SLL and prolymphocytic leukemia had the same MF value (MF = 1) with the given input data. A second criterion, the difference between the matched attributes and the unmatched attributes for a neoplasm (M -N), is used to refine the ranking process for neoplasms with the same MF value. With this second criterion, CLL/SLL was ranked as the leading diagnosis (MF = 1, M -N = 13), followed by prolymphocytic leukemia (MF = 1, M -N = 12). ❚Figure 6❚ shows the list of differential diagnoses with all the calculation results. The mechanism of searching from neoplasms in the database to the input data for the best matches represents a strategy known as backward-chaining search. 11, 15, 16 This demonstration shows the open-ended format of the data input. The data panel consists of many immunologic markers, some of which may not be part of routine testing in a particular laboratory. Consequently, the actual data input for a case are unlikely to account for all the markers in the data panel. However, the availability of essential data would influence the accuracy of ranking by CD Marker. In the demonstration case of CLL/SLL, the ranking results would be different if the result for CD5 and CD23 were not available. In this scenario ❚Figure 7❚, prolymphocytic leukemia would be the leading diagnosis (MF = 1, M -N = 12), followed by CLL/SLL (MF = 1, M -N = 11). For comparison, the diagnostic criteria for prolymphocytic leukemia [2] [3] [4] are shown in ❚Figure 8❚.
The critical role of the interpreting pathologist cannot be overemphasized. CD Marker is useful only for suggesting a list of differential diagnoses. The pathologist must establish the final diagnosis by correlating the histologic findings of the case with the immunophenotyping results. The immunologic marker pattern of neoplasms in the list of differential diagnoses can be reviewed during the interpretation process by using the "Look up a disorder in database" feature of CD Marker (Figures 4 and 8) .
As shown in the preceding demonstration, CD Marker was designed with a user-friendly interface. This graphic user interface was arranged such that the sequence of data entry, display of results, and review of marker pattern should be intuitive to the user. Besides the essential features shown in the demonstration, CD Marker also has been designed to include the following features:
1. "What If" reruns can be performed whenever the user edits one or more of the input data. This editing may be in the form of changing the value of the data (positive to negative or vice versa), deleting the input data, or adding additional data. The option for reruns enhances the flexibility of CD Marker for evaluating data that may not be clear-cut, that is, when the marker results are borderline. ❚Figure 5❚ Input data for a case of chronic lymphocytic leukemia (CLL). cIg, cytoplasmic immunoglobulin; sIg, surface immunoglobulin; TdT, terminal deoxynucleotidyl transferase.
reruns offer the user a convenient way to consider all the potential diagnoses based on laboratory data that may be subject to errors for various reasons. 2. The user has the option to revise the database contents to fit individual needs. In other words, the immunologic marker pattern of neoplasms in CD Marker can be modified to the user's preference. CD Marker has default tables that together form the knowledge base of the database. This knowledge base has been validated in the present study (see later sections on methods of validation and validation results). When the user edits the database tables, the tables are updated automatically to reflect the revisions made by the user. The revised tables will be used by CD Marker in subsequent runs. Since the revised tables contain information that has not been validated in our study, the user must be aware of the need to conduct individual validation studies to ensure that CD Marker performs adequately after each revision. CD Marker offers the user the option of selecting the default tables or the revised tables before each run. CD Marker makes this option possible by saving the default tables and the revised tables before any revision by the user.
3. The contents on the computer screen at any time during a session with CD Marker can be printed for hard copy report.
4. Online "HELP" instructions are available for using CD Marker.
Method for Validating Database CD Marker
In the second phase of our project, we used 92 cases involving various hematopoietic neoplasms to assess the performance of CD Marker. These were patient cases at Lyndon B. Johnson Hospital and Ben Taub Hospital (Harris County Hospital District, Houston, TX). Flow cytometry studies for these cases were performed between January 1995 and December 1996. Data for these 92 cases were retrieved retrospectively, and immunophenotyping data were tested on CD Marker. The number of cases for each disorder is shown in ❚Table 4❚. The final diagnosis for each case was established previously by histologic findings and correlation with flow cytometry results. The final diagnosis was documented in surgical pathology reports, including bone marrow reports. Data entry for each case for CD Marker included only marker results that were available in the flow cytometry laboratory at Ben Taub Hospital at the time of initial presentation. Only definitive marker results (positive or negative) in each case were used in the validation process. Equivocal results were not used owing to their lack of contribution to the validation results. To avoid potential bias in the design of CD Marker, its knowledge base was developed by one of us (A.N.D.N.) who had not interpreted the cases previously.
Immunophenotyping by flow cytometry was performed on a FACScan (Becton Dickinson, Mountain View, CA) as described previously. 1 The specimens in our cases included bone marrow, lymph node, spleen, body fluid, and extranodal hematopoietic tumors. For a CD Marker session to be considered successful, the final diagnosis for a given case must be included in the list of 5 differential diagnoses suggested by CD Marker. percentage and accumulated percentage of cases in each ranking category. The validation results showed a success rate of 89%. This success rate means that in 89% of the cases, the final diagnosis was included in the list of 5 differential diagnoses generated by CD Marker. In 11% of the cases, the final diagnosis was not included in this list for the following reasons:
Results
1. Inadequate data input: Small lymphocytic lymphoma (SLL) in case 25 was not ranked by CD Marker owing to lack of a light chain restriction. Review of flow cytometric data revealed a B-cell subpopulation with a definite lambda light chain restriction. SLL subsequently was ranked first for this case by CD Marker. 2. Incorrect final diagnosis: Cases 1 and 11 were diagnosed as SLL, which was not ranked by CD Marker. Review of microscopic slides from these cases by a pathologist in our group (E.I.B.) indicated that the diagnosis of these cases should be revised as mantle cell lymphoma (case 1) and large cell lymphoma (case 11). In fact, mantle cell lymphoma was ranked first and large cell lymphoma was ranked third by CD Marker for cases 1 and 11, respectively. 3. Limitations of CD Marker knowledge base: Case 9 was diagnosed as acute lymphoblastic leukemia (ALL), early pre-B cell type. This diagnosis was not ranked by CD Marker owing to a lack of B-cell ALL subtypes in the database. The general classification of B-cell precursor ALL included insufficient diagnostic criteria for early pre-B cell ALL. A revision was made for CD Marker to include all B-cell ALL subtypes. The correct diagnosis of early pre-B cell ALL subsequently was ranked first after this revision. Three cases of T-cell lymphoma (cases 37, 67, and 68) were not ranked by CD Marker. This deficiency was due to an intrinsic limitation of CD Marker in handling certain cases of T-cell malignant neoplasms. Aberrant loss of T-cell antigens is a characteristic finding in T-cell malignant neoplasms. [2] [3] [4] However, a suitable inference mechanism has not been developed to detect such a manifestation. The difficulty in designing an algorithm for such detection lies in the random distribution of T-cell markers, which makes it impossible to program the values of diagnostic attributes into the database. Despite this shortcoming, a considerable number of T-cell cases were ranked successfully by CD Marker (11 [78%] of 14 T-cell cases).
4. Unusual marker results: One was a case of CD5+ large cell lymphoma (case 38). Review of microscopic slides from this case indicated that the histologic and immunophenotyping results were suggestive of Richter syndrome. However, the available clinical information was insufficient to confirm this diagnosis. Another was a case of HLA-DR-negative large cell lymphoma (case 14). The reason for negative HLA-DR result was unknown but most likely was technical error. Last was a case of CD5-SLL (case 31). Review of microscopic slides from this case confirmed the final diagnosis of SLL.
In the light of the new ranking by CD Marker for the cases under consideration, our validation results were revised to reflect the successful ranking for 4 additional cases (1, 9, 11, and 25). The revised results, summarized in Table 5 , showed successful ranking in 93% of the cases (the final diagnosis included in the list of top 5 differential diagnoses). Furthermore, the final diagnosis was ranked first in 39 (42%) of 92 cases.
Discussion
A number of computer programs have been developed to facilitate interpretation of immunophenotyping for hematopoietic neoplasms by flow cytometry. 6-10 Different approaches have been attempted, including rule-based systems, cluster analysis, semantic networks, and various mathematical algorithms.
Alvey et al 6 designed a rule-based production system for the diagnosis of acute and chronic leukemia. Suggested diagnoses by the program are qualified as definite, probable, compatible, or possible. This program gave correct conclusions for 400 cases after 4 iterations in a retrospective study, along with a summary of its reasoning process and suggestions for further testing if necessary. This program was developed specifically for leukemia and, therefore, is limited to only a subset of hematopoietic neoplasms.
Petrovecki et al 7 developed a mathematical algorithm based on matrix algebra. Their program calculates compatibility scores to rank potential diagnoses and covers a wide spectrum of hematopoietic neoplasms. The program was tested with 58 cases in a retrospective study and suggested the correct diagnosis as 1 of the top 4 choices in 93% of the cases. However, the correct diagnosis was ranked first in only 29% of the cases.
Verwer et al 8 used cluster analysis to automatically assign cell lineage to acute leukemic cells during the analytic phase of flow cytometric study. In this method, multidimensional data from data files in list mode are divided into groups using the nearest-neighbor algorithm. The position of the cellular groups is analyzed by a criteria table. The program then classifies the groups into appropriate cell lineage. This technique of automated gating in the analytic phase of flow cytometric study is expected to reduce technical errors commonly seen with the conventional way of manual gating. This program, however, is limited to leukemia and was tested only on a small number of clinical cases.
Diamond et al 9 developed a relational database, known as "Professor Fidelio," that matches immunophenotyping patterns of hematopoietic neoplasms with the input data. This database also covers other types of diagnostic data, including cellular morphology, cytochemistry, DNA content and proliferative activity. The program was validated successfully in 300 (80.0%) of 366 test cases. This is one of the programs that offer the most comprehensive option for data input. The only drawback is the limited number of diagnoses in the database, with only 12 general categories of hematopoietic neoplasms.
Thews et al 10 used semantic networks to model a hierarchy of hematopoietic cells and their occurrence in neoplasms. Their program is limited to blood and bone marrow samples of a few specific types of neoplasms: acute myeloblastic leukemia, B-cell ALL, and B-cell lymphoma. The validation study showed an impressive success rate of 97.3% of the cases (616/633).
Although several programs have been introduced to facilitate computer-assisted interpretation of flow cytometric data, we believe that CD Marker possesses several unique features not found in other similar systems. The diagnostic criteria and the associated inference process we describe demonstrate a clear and understandable way of knowledge representation for marker interpretation. The inference process is no longer a "black box" with all the complex algorithms incomprehensible to people outside the fields of mathematics and artificial intelligence. This advantage, coupled with the user-friendly interface in a Windows environment, potentially can increase the acceptance of computer-assisted interpretation by pathologists who analyze flow cytometric data. Confidence in using CD Marker also is enhanced by the option to modify its database contents to suit individual needs. The database is comprehensive and also can be revised easily to incorporate more disease entities as needed. Furthermore, our program can run on an average personal computer with a minimum requirement for hardware and software (486 microprocessor with 16 megabytes of RAM, Microsoft Windows 95). The run-time version of CD Marker does not require that Microsoft-Access database be installed in the user's computer. Recently, we posted CD Marker on the World Wide Web to make it available to any user who needs access to this database. The URL for our Web page is as follows: http://dpalm.med.uth.tmc.edu/faculty/bios/-nguyen/nguyen.html
The only requirement to run this database directly on the Web is the availability of the Microsoft-Access 97 program in the user's computer. Copyright is applicable to the contents of CD Marker to protect our ownership.
Despite the usefulness of CD Marker, the following constraints are inherent in its use.
1. This database is designed for pathologists who are not subspecialized in hematopathology and for pathology residents-in-training. It simply provides the differential diagnosis for a given set of marker expressions without regard to morphologic features, clinical manifestations, or response to therapy. Therefore, the differential diagnosis is designed to be broad. Just like trained hematopathologists, nonhematopathologists must correlate the immunophenotypic findings with the morphologic characteristics of the neoplasm, the most important basis of diagnosis and classification.
2. The user must have a functional knowledge of hematopoietic disorders to be able to use CD Marker effectively because this database serves only as a search tool to aid the user in making a diagnosis. The technical skills to perform the laboratory procedures and the experience needed to accurately gate the cellular populations are critical in the diagnostic process. CD Marker can generate a list of differential diagnoses in most cases if adequate data are input. The interpreting pathologist then can quickly compare the patient's laboratory data with the marker patterns available from the CD Marker display module and make the appropriate diagnosis. It cannot be overemphasized that human judgment is the most important element in finalizing the diagnosis. The number and complexity of hematopoietic neoplasms require that the differential diagnoses suggested by CD Marker be reviewed before making a final diagnosis. We believe that the pathologist's clinical judgment can be enhanced with the information from CD Marker to yield an accurate diagnosis.
3. The current version of CD Marker is deficient in handling some cases of T-cell malignant neoplasm owing to the difficulty designing an algorithm for detection of the random loss of T-cell antigens as discussed earlier. We are working on several approaches to alleviate this shortcoming and expect to implement a new technique to handle T-cell malignant neoplasms more effectively in future versions of CD Marker.
4. Not all the commercially available markers were used in our laboratory. Subsequently, our validation results do not represent a maximal accuracy level that would have been achieved if all the available markers had been used. Further research is needed to analyze results obtained from different laboratories using markers not available in our laboratory.
5. CD Marker would not be useful in the diagnosis of neoplasms that traditionally have not been shown to benefit from flow cytometric immunophenotyping. [1] [2] [3] [4] These include the following: (1) Hodgkin disease; (2) multiple myeloma; (3) neoplasms with common immunophenotypes: mucosaassociated lymphoid tissue lymphoma, marginal cell lymphoma, monocytoid B-cell lymphoma, lymphoplasmacytoid lymphoma, and many cases of large B-cell lymphoma. These neoplasms have the same immunophenotype CD19+/CD20+, CD5-, CD10-, and CD23-. Also, follicular center cell lymphoma and Burkitt lymphoma have the same immunophenotype CD19+/CD20+, CD5-, CD10+, and CD23-. (4) Atypical immunophenotypes: CD5-CLL/SLL, CD23-CLL/SLL, CD23+ mantle cell lymphoma, CD10-follicular center cell lymphoma, CD5+ mucosa-associated lymphoid tissue lymphoma, and CD5+ marginal cell lymphoma; (5) T-cell lymphomas without loss of T-cell-associated antigens, which may be misdiagnosed as benign T-cell hyperplasia; (6) aberrant expression of Tcell antigens on B-cell lymphoma, such as CD2+ CLL/SLL, CD8+ CLL/SLL, and CD8+ mantle cell lymphoma; (7) polyclonal posttransplant B-cell lymphoproliferative disorders; (8) CD34-acute leukemia; (9) terminal deoxynucleotidyl transferase-negative acute leukemia; (10) acute promyelocytic leukemia without a diagnostic immunophenotypic profile, such as CD34-, HLA-DR-negative, CD13+, CD33+, CD41a-, and glycophorin A-negative. The immunophenotype merely reflects the presence of a myeloid cell population, and the same immunophenotype may be obtained in cases of chronic myelocytic leukemia and secondary leukocytosis. (11) T-cell-rich B-cell lymphoma with a predominant population of reactive T lymphocytes, mostly CD4+ and in almost all instances do not show clonality by immunoglobulin light chain ratio because of a very small population of malignant large B lymphocytes. Such cases can be misdiagnosed easily as a reactive lymph node on flow cytometry data alone.
The development of user-friendly software and the rapidly increasing number of physicians with skills and interests in computer-based applications create an ideal climate for the use of computers for diagnostic purposes. [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] The number of database applications in laboratory medicine is expected to increase. Laboratory clinicians are in an ideal position to exploit database applications since they tend to be computer literate and have access to a large amount of patient data on laboratory computers. 32 We found that CD Marker provides a convenient interactive tool to assist clinical personnel in diagnosing hematopoietic neoplasms by using flow cytometric data. This decision-support tool is available to a large number of users via the World Wide Web and also can be useful for independent study on immunophenotyping patterns of hematopoietic neoplasms. A logical extension of CD Marker would be to integrate the knowledge base into an existing laboratory flow cytometer. Data could then be retrieved directly from the instrument for use by the database, thus simplifying user interaction.
